Abstract Our aim was to examine the responsiveness of a lung cancer screening brief knowledge measure . Eligible participants were aged 55-80 years, current smokers or had quit within 15 years, and English speaking. They completed a baseline pretest survey, viewed a lung cancer screening video-based patient decision aid, and then filled out a follow-up posttest survey. We performed a paired samples ttest, calculated effect size, and calculated absolute and relative percent improvement for each item. Participants (n = 30) were primarily White (63%) with less than a college degree (63%), and half were female (50%). Mean age was 61.5 years (standard deviation [SD] = 4.67) and average smoking history was 30.4 pack-years (range = 4.6-90.0). Mean score on the 12-item measure increased from 47.3% correct on the pretest to 80.3% correct on the posttest (mean pretest score = 5.67 vs. mean posttest score = 9.63; mean score difference = 3.97, SD = 2.87, 95% CI = 2.90, 5.04). Total knowledge scores improved significantly and were responsive to the decision aid intervention (paired samples t-test = 7.57, p < .001; Cohen's effect size = 1.59; standard response mean
Introduction
Smoking persists as the number one risk factor for lung cancer [1, 2] . In 2016, approximately 158,000 deaths are expected in the USA from lung/bronchus cancer, which accounts for over one quarter of all cancer deaths [2] . The National Lung Screening Trial (NLST) observed a 20% reduction in lung cancer deaths for heavy smokers 55 to 74 years of age who received three annual screenings with low-dose computed tomography (LDCT) compared to standard screening chest xrays [3] . Yet, lung cancer screening carries risks, such as falsepositive findings leading to unnecessary invasive procedures, radiation exposure, and overdiagnosis [1, 4] . Prompted in large part by the NLST findings, the US Preventive Services Task Force (USPSTF) updated its guidelines by providing a Grade B recommendation for lung cancer screening with LDCT for those 55-80 years of age who have a 30 packyear smoking history and currently smoke or have quit within the past 15 years. Those who choose to undergo lung cancer screening should have an annual LDCT until they have not smoked for 15 years or develop a substantial comorbidity [5] . In its national coverage determination, the Centers for Medicare and Medicaid Services (CMS) includes an unprecedented requirement: a patient counseling and shared decision making visit with use of one or more patient decision aids prior to referral for lung cancer screening [6] . A shared decision making approach helps patients learn about the trade-offs of lung cancer screening and discuss their values and priorities with their physician, [1, 7] with the goal of making informed, value-concordant decisions [7] [8] [9] [10] [11] [12] [13] [14] .
The USPSTF recommendation and CMS national coverage determination have been a catalyst for the development of patient decision aids and broader shared decision making interventions for lung cancer screening. As more decision aids are being developed, there is momentum to create certification standards to ensure the quality and effectiveness of decision aids [9, 15] . One concept supported by certification standards is knowledge, a necessary component of decision quality [8] [9] [10] [11] [12] [13] . Previously, we developed a brief measure, the LCS-12, to characterize knowledge of lung cancer screening among smokers and former smokers and to serve as an outcome measure for studies evaluating shared decision making interventions [16] . The objective of this study is to examine the responsiveness of the LCS-12 to capture changes in patient's knowledge after viewing a video-based patient decision aid about lung cancer screening. Evaluation of item responsiveness was part of a measure development study (ClinicalTrials.gov ID: NCT02282969) and was conducted to inform a randomized control trial to evaluate a patient decision aid (Clinicaltrials.gov ID: NCT02286713).
Methods
In prior work, we developed the LCS-12 based on a consensus process where key facts were identified as essential knowledge for making an informed decision about lung cancer screening. The 12-item measure showed good test-retest reliability (ICC = .84) and discrimination between high and low performers, although item difficulty was high for several items [16] . We retained several high difficulty items due to their coverage of key concepts in making informed screening decisions, such as positive predictive value of an abnormal screening result.
For this investigation, we examined the responsiveness of the total score and individual items, including items with high difficulty. We assessed knowledge scores among current and former smokers before and after they viewed a video-based patient decision aid. The patient decision aid is described in detail in previous work [7] . The video-based patient decision aid was narrated from text written at an 8th grade reading level. It provides an overview of lung cancer risk, the experience of a LDCT scan, and the magnitude of the benefits and harms of screening, and it encourages users to consider their personal values in making a decision about screening [7] .
Participants were recruited from: (1) local community locations and social media, (2) the Tobacco Treatment Program at The University of Texas MD Anderson Cancer Center, (3) or had previously indicated a willingness to participate in other studies through lung cancer screening or smoking cession programs at MD Anderson. Eligible participants were aged 55 to 80 years, current smokers or former smokers who had quit within the last 15 years, English speaking, and had no history of lung cancer. Surveys were sent and data were collected via the secure research electronic data capture (REDCap™) tool [17] . An online survey link was sent to those who agreed to participate. Following a waiver of signed consent, participants who indicated consent through REDCap™ completed a demographic questionnaire and baseline knowledge pretest survey, viewed the short video-based patient decision aid about lung cancer screening, and completed a follow-up knowledge posttest survey which was the same as the baseline knowledge pretest.
Measure responsiveness refers to a measure's ability to detect absolute change in a particular item and the magnitude of the change [18] [19] [20] . We used a paired samples t-test for the full measure score to assess responsiveness. For individual items, responsiveness was calculated to show the absolute change between the percent correct on the pretest and posttest [20] . We also calculated the relative percent change between scores for individual items on the pretest and posttest. To further assess the magnitude of change in knowledge scores, we calculated Cohen's effect size and the standard response mean (SRM) as proposed by Husted et al. [20] . Cohen's effect size was calculated as the mean pretest and posttest total score difference divided by the standard deviation of the mean pretest score (mean difference/mean pretest standard deviation [SD]) [20] [21] [22] [23] . The SRM was calculated as the mean pretest and posttest total score difference divided by the mean difference standard deviation (mean difference/mean difference SD) [20, 24] . Participants were provided a $50 gift card for their participation. Statistical analyses were completed using SPSS. This study was approved by MD Anderson's Institutional Review Board.
Results
Participants (n = 30) were primarily White (63%) with less than a college degree (63%), and half were female (50%) ( Table 1 ). They had a mean age of 61.5 years (SD = 4.67) and had smoked for an average of 30.4 pack-years (SD = 18.87, range =4.6-90.0). Mean total score on the 12-item measure increased from 47.3% correct on the pretest to 80.3% correct on the posttest (mean pretest score = 5.67 vs. mean posttest score = 9.63; mean score difference = 3.97, SD = 2.87, 95% CI = 2.90, 5.04) [24] . Knowledge scores improved significantly from the pretest to posttest (paired samples t-test = 7.57, p < 0.001). Cohen's effect size was 1.59 and the SRM was 1.38, both indicating a large responsiveness to change [20-22, 24, 25] .
No participant selected all the correct responses to item 3, BWhen should someone stop being screened for lung cancer? (Check all that apply); Answer choices: 1-You quit smoking more than 15 years ago (correct response); 2-Your last CT scans shows you do not have cancer (incorrect response); 3-You have other health problems that may shorten your life (correct response); 4-You are not able or willing to be treated for lung cancer (correct response); 5-I do not know.Ĥ owever, over half (57%) of participants selected at least one correct response, and were accordingly categorized as answering the question correctly. Most items demonstrated an absolute responsiveness of 20% or greater (Table 2) . At the pretest, two items were answered correctly by approximately 80% of participants, suggesting ceiling effects for items 8 and 10, respectively: BWithout screening, is lung cancer often found at a later stage when cure is less likely?^, and BCan a CT scan find lung disease that is not lung cancer?^, (item 8 pretest correct = 83.3% vs. posttest = 96.7%, responsiveness =13.4%; item 10 pretest correct = 80.0% vs. posttest = 93.3%, responsiveness =13.3%).
Discussion
The LCS-12 showed good responsiveness with significant improvements in scores after participants viewed videobased patient decision aid. All items were responsive, including those with high item difficulty identified in the original development study (e.g., item 9, mortality benefit of lung cancer screening). While all items showed participant knowledge improvement, some were more responsive than others. Items with high baseline scores (e.g., item 8 on the mortality benefit of screening and item 10 on secondary findings) showed less improvement, but we suggest these items be retained because they reflect important concepts in making informed screening decisions about whether to get screened for lung cancer [16] .
Overall score improvement is consistent with previous work describing the importance of knowledge as an outcome measure for evaluating decision aids [13, 26] . We found total score as well as individual items, supporting reliability and validity of the measure [16, 18, 19] .
These findings should be interpreted within the context of study limitations. Participants were recruited from those who had previously indicated interest in lung cancer screening or were part of a tobacco cessation program. They may be more interested in or knowledgeable about lung cancer screening. Yet, the measure was responsive to knowledge gained by viewing a video-based patient decision aid about lung cancer screening. Additionally, not all items show strong responsiveness. While items 8 and 10 have lower responsiveness and may show ceiling effects, the domains they cover (mortality benefit of screening, secondary findings) are important for informed decision making about lung cancer screening per expert review [16] .
In conclusion, the LCS-12 measure is responsive and can be used in descriptive studies or serve as an outcome measure in intervention studies where improvement of lung cancer screening knowledge is a goal. The Patient Protection and Affordable Care Act includes provisions for the certification of decision aids. Providing evidence that a decision aid improves decision quality will likely be a key component of the certification process. This measure may be useful in certifying decision aids about lung cancer screening by showing that they improve knowledge, one essential component of decision quality. It will be useful in evaluating the quality of shared decision making visits using decision aids as required by CMS [5, 6, [8] [9] [10] [11] [12] [13] . Future work assessing the feasibility of this measure can clarify strategies for incorporating lung cancer screening shared decision making into the clinical setting. c Percent improvement (relative) = (posttest correct score − pretest correct score)/(pretest correct score) * 100
